Abstract: According to the United Nations Children's Fund (UNICEF), the number of global infant deaths for those under the age of one year was down from 8.4 million in 1990 to 5.4 million in 2010. However, the declining trend of infant mortality rate varies significantly from country to country based on the vastly different environmental elements they face. This paper attempts to predict the future infant mortality rate of 21 OECD countries through 2015 and 2050 by the use of experience curve model and compare the results to the two other well-known projections by the United Nations Population Division and the US Census Bureau in the context of the millennium development goal targets. The results from all three projections indicate that only one or two countries will meet the two-thirds reduction target of the 2015 millennium development goal. By 2050, four to 18 countries will still not be able to meet the target. Therefore, each country may need to undertake a comprehensive review of its policies and programs of infant mortality control to generate many alternative plans for major improvement.
Introduction
The number of global infant deaths for those under the age of one year was down from 8.4 million in 1990 to 5.4 million in 2010 (UNICEF, 2011) . However, the declining trend of the infant mortality rate (IMR) varies significantly from country to country based on the vastly different environmental elements they face.
The reduction of child mortality rate is the fourth goal out of a total of eight millennium development goals (MDGs) established by United Nations (UN) (UN, 2008 (UN, , 2011a (UN, , 2012 . As target 4A in the fourth MDG goal, the target has been set to decrease the under-five mortality rate by two-thirds by 2015 compared to the 1990 level. Under-five mortality rate refers to the number of children's death under the age of five for every 1,000 live births. According to UNICEF (2011) report, global under-five mortality rate was 88 in 1990 and it was down to 57 as of 2010. The number of deaths was down to 7.6 million in 2010 from 12 million in 1990. MDGs use three indicators for monitoring the progress which includes under-five mortality rate, IMR and the proportion of one year-olds immunised against measles (UN, 2008) .
A critical element of child fatality rates is IMR, as infant deaths accounts for over 70% of child mortality. IMR is also measured in terms of infant death incidents occurring for every 1,000 live births for those of whom are under the age of one year. IMR has also dramatically decreased from 126 in 1990 to 40 in 2010 on a worldwide basis (UNICEF, 2011) . As a critical element of child mortality rates, the same two-thirds reduction of IMR will be a prerequisite for achieving the two-thirds reduction target by 2015 for under-five mortality rate. Therefore, we will first evaluate whether the two-thirds reduction of IMR is possible by 2015 for the selected OECD countries. Second, we will extend the long-term projection of IMR through 2050 to evaluate whether the two-third reduction target may be fully realised by then, in case the target was not achieved by 2015. To our best knowledge, no prior study has attempted to analyse the feasibility of achieving the two-thirds reduction target of IMR by 2050.
We will examine these two questions for the selected group of 21 OECD countries whose historical data on IMR are available for the period of more than 30 years. These countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France, Hungary, Ireland, Italy, Japan, Luxembourg, Netherland, New Zealand, Norway, Slovakia, Spain, Sweden, Switzerland, the UK and the USA.
IMR is a critical determinant in the projection of future population. The loss of an infant will have much greater negative impact in comparison to the loss of an adult in estimating life expectancy of a country: for example, if the life expectancy of a given country is 70 years, the loss of one infant is equivalent to 70 persons passing away at the age of 70 years in calculating the life expectancy of that country. Therefore, the projection of IMR is always included in the future population projection. Accordingly, the projection of IMR is also available from the two most authoritative sources, the United Nations Population Division (UNPD) and the United States Census Bureau (USCB). Thus, we will use these two projections to examine the two research questions in this paper.
However, there are some significant variations between the projected IMRs by these two organisations. For example, the 2015 projected IMR for Luxemburg by UNPD of 2.26 is smaller than 4.23 projected by USCB. On the other hand, the projected 2015 IMR of 2.50 for Japan by UNPD is larger than 2.08 projected by USCB.
Therefore, we will add our own projection of IMR for 2015 and 2050 by developing an alternative projection method incorporating simple experience curve models. Then, we will use all three projected IMRs to examine which countries will meet the two-third reduction target by 2015 and, if not, by 2050.
The rest of this paper is organised as follows. In the Section 2, we provide brief background information on IMR projection available from UNPD and USCB. We will also present background information on why experience curve theory may be applicable in the projection of IMR. The third section will explain experience curve equations as well as data sources. In the fourth section, using these experience curve equations, we project the IMRs for 2015 and 2050. In the fifth section, we determine the rate of success and failure of 21 countries in meeting the two-thirds reduction target by using all three projected IMRs. Finally, we present limitations as well as conclusions of this study.
Background information

On IMR projection
USCB through its international database (IDB) publishes their estimates of past and projections of future population size for each calendar year through 2050 for 228 countries of the world. "Within this time series, sex ratios, population, and mortality measure are developed for single ages through age 100 plus 1 S-shaped logistic functions are typically used to model the transition from relatively high mortality to the relatively low mortality" 2 . The resulting projections include yearly IMR through 2050.
IMR projection by UNPD covers a longer period from 1950 through 2100 for 197 countries all over the world. World populations' prospects, the 2010 volume comprehensive tables published by UN, provide projected IMR for five-year intervals through 2100. Mortality is projected on the basis of models of change of life expectancy produced by the UNPD (UN, 2011b). 
On projecting long-term future IMR
There have been several different approaches of projecting future trends of infant or child mortality. The methodologies used vary among Gaussian process regression and mixed effects linear regression, and multivariate linear regression (Rajaratnam et al., 2010; Lozano et al., 2012; Schell et al., 2007; Muldoon et al., 2011; Sartorius and Sartorius, 2014) . In search for a simpler projection model for long-term trends, we have used experience curve models in such areas as energy (Chang et al., 2012; Chang and Jeon, 2014) , road fatality (Chang and Lee, 2013; Chang, 2014) , and crime (Chang and Choi, 2016) . We aim to develop and apply the experience curve model to project IMR in this paper.
What is the basic logic of using the experience curve model for these projections? Experience curve models are based on the simple philosophy of learning by doing or the practice will make something perfect. In general, improvement patterns of performance measures such as unit cost, road fatality rate or suicide rate as a dependent variable, are to be explained by cumulative experience such as cumulative output, cumulative miles driven, or cumulative population as an independent variable. Furthermore, a given percentage change in cumulative experience is associated with a constant percentage improvement in performance measure. For example, an 80% experience curve will have 20% improvement in performance measure whenever the cumulative experience doubles or increases by 100%.
Having their earlier applications in industrial fields (Wright, 1936; Liberman, 1984; Dutton and Thomas, 1984) , many recent applications have included energy and healthcare sectors (Kahouli-Brahmi, 2008; McDonald and Schrattenholzer, 2001; Birkmeyer et al., 2003; Bach et al., 2001; Halm et al., 2002) . In a recent review article, Weiss et al. (2010a) , identifies 124 cases of applications in the manufacturing industry and 207 cases of applications in the energy industry. In other words, experience or learning curve in the industrial and energy sector has become a standard tool of analysis for long-term projection of performance metrics.
Although we are not aware of any previous study on the future trend of IMR by using experience curve, there are several studies identifying the multiple factors influencing the trend of IMR (Schell et al., 2007; Sartorius and Sartorius, 2014) . These studies rely on the framework of a range of hierarchical determinants that may be proximate, intermediate and distal (Mosley and Chen, 1984) . Proximate determinants, for example, may include maternal survival, adolescent fertility, maternal education, and health service utilisation, etc. Intermediate determinants may include access to sanitation, access to safe water, vaccination coverage, and access to health services. Distal determinants may include GDP, poverty, education, and public health spending (Sartorius and Sartorius, 2014) .
From the perspective of experience curve, each of these determinants may be subjected to its own improvement through learning. For example, as the cumulative number of new births increase, vaccination coverage or access to health service may improve. To elaborate further, modern learning or experience curve theory (Kahouli-Brahmi, 2008; Rout et al., 2009 ) suggests that such improvements may be the combined result of a multiple learning processes, including learning by doing (Arrow, 1962) , learning by researching (Cohen and Levinthal, 1989) , learning by using (Rosenberg 1986) , learning by scaling (Sahal, 1985) , learning by interacting (Sagar and van der Zwaan, 2006) and learning by learning (Rotmans and Kemp, 2003) .
What is suggested here is that multiple learning processes in reducing IMR may take place in respective countries, as they gain more experience of coping with multiple determinants which influence IMR. In other words, an individual country may possess a different level of infant care infrastructure, infant care know-how and technology, infant care regulations and enforcement, infant care education and training, maternal healthcare know-now, emergency treatment and many other determinants which act in combination to produce a level of IMR at a given level of cumulative experience of coping with infant care. As the cumulative experience increases, IMR, in general, tends to decrease. In this study, the cumulative number of new births in a country is used as an appropriate measure to represent the cumulative experience of coping with infant mortality.
Until now, the experience curve presented is assumed to have a constant improvement rate. However, changes in improvement rate over time has been observed by Boston Consulting Group (1968) when they suggested the kinked (piece-wise linear) experience slope as a function of the product life cycle. Some energy modelling groups also used kinked experience curve, with successively higher experience slope at more mature development stages (McDonald and Schrattenholzer, 2001 ). More recently, kinked experience curve has been used to estimate the impact of change in energy consumption standard (Weiss et al., 2010b) as well as the impact of radical technology changes (van Sark, 2008) . Based on these earlier studies, we are left with two options: a classical model with a constant improvement slope or a kinked model with a kink in the slope. Further explanation and application of the kinked model can be found in a review article (Chang and Lee, 2013) .
Methodology and data source
We are ready to specify the experience curve equation of two types, classical and kinked, which will be used in this research. In these equations, IMR per 1,000 new births for given year t will be the dependent variable while the cumulative number of new births through year t will be the independent variable. The classical equation assumes a constant rate of change whereas the kinked equation assumes a variable rate of change over the lifecycle of the learning period.
The classical experience equation for road mortality rate is:
where t 1960, 1961, 1962,…,2009 .
y(x t ) infant mortality rate in year t x t cumulative number of new births through year t a, b parameters for equation (1).
For the kinked experience curve model, the following two equations are used:
where 1960, 1961, 1962 ,…,k -1 a 1 , b 1 parameters for equation (2) and ( )
where
a 2 , b 2 parameters for equation (3).
In logarithmic form, equations (1), (2), and (3) are expressed as equations (1a), (2a) and (3a):
log log log
Equations (2a) and (3a) can be combined using a dummy variable which takes the value of one if the kinked year belongs to the second period and zero otherwise:
In the kinked experience curve equation, k is the year when a kink in the patterns of mortality rate occurred. To find a kinked year for each state, we tested all possible years, from 1960 through 2009, by looking for the highest R 2 , the coefficient of determination, using equation (4). The year that shows the highest R 2 is selected as the kinked year. Then, we tested whether the difference between the slopes of a kinked experience curve for the first period and the second period, represented by b 1 and b 2 , is statistically significant. If the difference is statistically significant, we choose kinked experience curve equation (3) for future projection. Otherwise, we use classical experience equation (1).
In the experience curve literature, the slope of the experience curve, also known as progress ratio, is calculated by the formula 2 b . For example, if the value of exponent b is -0.32, then we have an 80% experience slope from 2 -0•32 . Such 80% slope means that the IMR will decrease to 80% whenever the cumulative number of new births doubles. For example, the IMR of 1.0 will decrease to 0.8 when the cumulative number of new births doubles and 0.8 will decrease to 0.64 upon another doubling of the cumulative number of new births, and so on. To put it another way, an 80% slope means a 20% learning rate resulting in a constant 20% reduction of infant fatality rate upon each doubling of the cumulate number of new births.
In this paper, we will define 2 b from equation (1) as the classical experience slope and 2 b2 from equation (3) as the kinked experience slope.
We have first collected the annual data for IMR, the total population, and the crude birth rate of 34 OECD countries from World Bank (2011). IMR is the number of infants dying before reaching one year of age, per 1,000 live births in a given year. Estimates are developed by the UN inter-agency group for child mortality estimation. Total population is based on the de facto definition of population, which counts all residents regardless of legal status or citizenship. The values shown are midyear estimates. Crude birth rate indicates the number of live births occurring during the year, per 1,000 populations estimated at midyear.
From these OECD countries, we excluded 13 countries which had less than 30 years of data in the three categories that are mentioned above. Our analysis begins from 1960 for most of our sample countries due to the availability of data 3 . For the projection of future IMR, we need the future cumulative number of new births as our independent variable. Fortunately, we are able to use the yearly forecasted number of new births from 2010 to 2050 which are available from USCB (US Census Bureau, 2011). We then add them to the cumulative number of births available from 1960 to 2009. Finally, we use the projected future cumulative number of new births into either classical or kinked experience curve equations to forecast the IMR for 2015 and 2050. To calculate the standard error and its confidence interval of our forecasted rates, we follow the procedures suggested by Wooldridge (2008).
Analysis of results
We ran a regression analysis of both classical and kinked experience curve equations for each of the 21 OECD countries. The results are shown in Appendix Table 1. The classical experience slope ranges from 72% for the Netherlands to 24% for Spain reflecting significant differences in environmental elements for these countries. Between the choice of classical versus kinked experience models, we have selected the kinked experience curve model to be more appropriate for 20 countries. Only one classical experience curve equation was selected for Spain. Figure 1 shows examples of classical and kinked models for Spain and the US. The kinked experience slopes also display a large variation reflecting differences of environmental elements faced by these countries. The highest kinked slope for the US is 58%, while the lowest kinked slope for Italy is 21%, as shown in Appendix Table 1 . To elaborate, the kinked experience slope or progress ratio of 21% for Italy means that Italy has been able to reduce her IMR by the learning rate of 79% at each doubling of her cumulative number of new births. The learning rate is defined as 100% minus progress ratio (1-2 b ). On the other hand, the kinked experience slope or progress ratio of 58% for the US, indicates the learning rate of 42%. In other words, the US has reduced her IMR by 42% at each doubling of her cumulative number of new births.
In Figure 2 , we show the comparison between classical slope and kinked slopes for these 20 countries. In fact, all 20 countries have shown a significant reduction in their kinked slope in contrast to the classical slope without exception. The maximum reduction was 42% for Hungary and Norway, while the minimum reduction was 12% for Canada and the US. The results of our IMR projection for 2015 are used to evaluate the relative progress made by respective countries in Table 2 . We also use the projections by UNPD as well as USCB to evaluate the progress in Table 2 . The results indicate that only two countries, Norway with a 70.7%reductionand Luxembourg with a 67.9% reduction are expected to meet the two-thirds reduction target by 2015, according to our projection. Similarly, two countries, Luxembourg and Hungary are expected to meet the 2015 target, according to the UNPD projection, and only Hungary is expected to reach the 2015 target, according to USCB. By counting the number of countries not expected to reach even a 50% reduction by 2015, our projection yields five countries, UNPD projection yields six countries, and USCB projection yields ten countries, as shown in Table 2 . In other words, our projections generate a significantly lower IMR than the other two projections. Figure 3 shows the estimated percentage reduction of IMR from 1990~2015 by UNPD, USCB, and our projections. 
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Our 2015 projections show greater percentage reduction in 16 out of 21 countries in comparison to both UNPD and USCB projections. On the other hand, UNPD projections generate a larger percentage reduction in three (Luxembourg, Hungary, and Switzerland) out of 21 countries in comparison to both our projections and USCB projections. USCB projections produce a greater percentage reduction for only two countries (Japan and Netherland) over the other two projections. The reason for greater reduction of IMR projected from our model may be due to the fact that all the countries with an exception of Spain are represented by kinked experience slope. Figure 2 has documented significantly lower kinked slope in comparison to classical slope for all the countries without an exception. Since our 2015 and 2050 projections are based on lower kinked slopes or higher learning rates which reflect only the most recent trends, our IMR projections are expected to be significantly smaller in comparison to those projections by UNPD and USCB. In comparison, IMR projections between UNPD and USCB appear to be relatively close to each other. In summary, all three projections predict that a majority of 21 countries will not meet the two-third reduction target by 2015. Our own projections compared to the UNPD and USCB projections make a somewhat more optimistic prediction, however. Now we extend our projection to 2050 in Table 3 and compare our results with those projections made by UNPD and USCB. Our projected IMR in 2050 ranged from the low of 0.88 for Norway to the high of 3.56 for the US. There are only four countries (the US, Canada, the Netherlands, and Switzerland) who are projected to fall short of the two-thirds reduction target by 2050. On the other hand, the UNPD projection indicates that 14 countries failed to achieve the two-thirds reduction target, while USCB projection counts 18 countries failing by 2050. In other words, 2050 projected IMRs by both UNPD and USCB in comparison to our projections are substantially higher. We then ran a statistical test of significance on the differences between our 2050 projections versus UNPD and USCB in Appendix Table 3 .
The results indicate that the differences between our projections versus USCB projections are significant at a 1% level for all 20 countries. In the case of the US, the 2050 USCB projection of 3.68 is within the 99% confidence interval of our projection at 3.56. In other words, the differences between the two projections are not statically at a 1% level. Similarly, the differences between our 2050 IMR projections versus UNPD projections are significant for all 20 countries. Only in the case of Switzerland, the difference between the two projections is not statistically significant. In short, our 2050 IMR projections have been validated to be different from those projections by both UNDP and USCB.
Conclusions
We have used the experience curve models to project the future IMR for the selected 21 OECD countries. We have demonstrated that the kinked experience curve model in particular is a well-suited methodology yielding significantly higher R 2 for all the countries examined with the exception of Spain. The kinked model also generates a steeper slope over that of the classical model which in turn projects significantly lower IMR. Consequently, our projections of infant mortality compared to those made both by USCB and UNPD for the years of 2015 and 2050, are significantly lower with the exception of Japan. We have also established that the differences between these projections are statistically significant in nearly all the cases.
What are the major findings relating to meeting the two-third reduction IMR target by 2015? Our selected sample of 21 OECD countries as a whole will fail to meet the two-thirds reduction target by 2015. Our own projections predict that only two countries (Norway and Luxembourg) will exceed the two-thirds reduction goal.
The most important finding of this paper deals is that several countries will not be able to meet the two-thirds reduction target even by 2050. More specifically, our own projection has four countries (the US, Canada, the Netherlands, and Switzerland) failing to meet the same 2015 two-thirds reduction target by 2050. On the contrary, both UNPD and USCB projections have a majority of these countries failing to meet the 2015 target even by 2050.
What are major implications from our findings? The results from our study do suggest that all the countries with exception of Norway and Luxembourg may wish to undertake a comprehensive review of their own policies and programs for infant mortality control to generate alternative plans for major improvement. Benchmarking other countries with the steepest experience slope may be useful to discover new and more effective programs to be added (Wegman and Oppe, 2010) . For example, in addition to Norway and Luxembourg our analysis indicates that four other countries (Italy, Hungry, Spain, and Austria) have the steepest experience slope of less than 30%. In such a benchmarking study, differences observed in such multiple determinants as maternal education, access to sanitation and safe water, vaccination coverage, etc. should yield some useful insights for faster improvement of IMRs in the future.
Another important implication deals with a possible revision of the two-thirds reduction goal set in the MDG on IMR. First of all, progress ratios we determined are unusually low from 21% of Italy to 53% of Netherlands, indicating correspondingly high learning rates. In spite of these high learning rates, as many as four countries failing to meet the two-thirds reduction goal even by 2050 do suggest that the goal may have been too ambitious or even unrealistic. The fact that a majority of countries failing to meet the same two-thirds reduction goal even by 2050 according to UNDP and USCB projections further support the case for revising the two-thirds reduction goal for the future implementation.
Finally, there are several limitations in this study. One of the major limitations deals with the fact that non-OECD countries have not been included in this study. Since a majority of infant mortalities take place in non-OECD countries, any future studies must focus on non-OECD countries. It may be that developing countries with incomplete historical mortality data may find simple experience curve presented in this paper to be a useful projection methodology. Using the past trend for projecting the future is always subject to a substantial degree of uncertainty. There are inevitable unforeseen events that can take place in multiple determinants which can influence future mortality rates. It is quite possible that the estimated kinked slopes in this study may require another 'kink' to reflect some radical technology or institutional changes in the future, resulting in more rapid reduction of IMR. A combination of many assumptions we made in the forecasting model would suggest that projection made in this study may best be viewed as a rough estimate, subjected to considerable degree of projection error. Nevertheless, individual countries setting their future IMR targets may benefit from using the projection model developed in this paper as a first-generation forecasting tool to be refined further by the use of more sophisticated forecasting models. Weiss, M., Patel, M.K., Junginger, M. and Blok, K. (2010b) The beginning year for Slovakia and Spain are different from the rest of countries due to data availability. 
